Twenty-two patients with clinical signs and symptoms compatible with lacunar transient ischemic attack or stroke of varying chronicity were evaluated with MR imaging. CT was also performed in 21 of these patients. MR revealed small, deep cerebral lesions in locations appropriate to the clinical symptoms in 19 patients. Lacunar infarcts were imaged by CT in 11 patients; however, no lesions were identified on CT that were not detected with MR. Presumed lacunar infarcts were identified on MR images in 17 additional patients. Lacunae generally appeared as focal areas of decreased signal intenSity on T1-weighted images and as focal areas of increased signal intensity on T2-weighted images. T2-weighted MR images detected a greater number of lacunar infarcts than did mixed T1-/T2-weighted images, which in turn detected more lacunae than did T1-weighted images. In general, acute lacunar infarcts (within 1 week of onset or recurrence of clinical symptoms) were seen only on T2-weighted images, while chronic lesions (more than 1 week) were seen on both T1-and T2-weighted images.
MR and CT of Lacunar Infarcts
Twenty-two patients with clinical signs and symptoms compatible with lacunar transient ischemic attack or stroke of varying chronicity were evaluated with MR imaging. CT was also performed in 21 of these patients. MR revealed small, deep cerebral lesions in locations appropriate to the clinical symptoms in 19 patients. Lacunar infarcts were imaged by CT in 11 patients; however, no lesions were identified on CT that were not detected with MR. Presumed lacunar infarcts were identified on MR images in 17 additional patients. Lacunae generally appeared as focal areas of decreased signal intenSity on T1-weighted images and as focal areas of increased signal intensity on T2-weighted images. T2-weighted MR images detected a greater number of lacunar infarcts than did mixed T1-/T2-weighted images, which in turn detected more lacunae than did T1-weighted images. In general, acute lacunar infarcts (within 1 week of onset or recurrence of clinical symptoms) were seen only on T2-weighted images, while chronic lesions (more than 1 week) were seen on both T1-and T2-weighted images.
Our results indicate that MR is superior to CT for evaluating lacunar infarcts, and second, that T2-weighted images are more sensitive than T1-and mixed T1-/T2-weighted images for detecting lacunar infarcts.
Lacunar stroke accounts for up to 19% of all cerebral infarctions [1] . Although patients with lacunar disease generally manifest one of a number of well-defined lacunar syndromes, there is an overlap in the clinical presentation of acute lacunar infarction with ischemic insults to the cerebral cortex, especially in the setting of unstable carotid artery disease [2] . An important role of the neuroradiologist in evaluating a stroke patient is to help characterize the pathophysiology of the ischemic event, as this may guide the clinician in the choice of therapy .
The purpose of this study was to evaluate the efficacy of MR imaging in the evaluation of patients with presumed lacunar transient ischemic attacks or stroke, to compare the sensitivity of MR and CT in the setting of acute and chronic lacunar disease, and to describe the MR characteristics of lacunar infarctions.
Subjects and Methods
Twenty-two patients with presumed lacunar transient ischemic attacks or stroke were evaluated with MR . CT was also performed in all but one of these patients. Each patient had a history, or current manifestations, of lacunar ischemia, including pure motor deficit, pure sensory deficit, or motor/subcortical sensory deficit with or without associated dysarthria but without dysphasia or visual impairment. The patients included 10 men and 12 women , 42-83 years old . Ten of the patients (group 1) presented with multiple lacunar attacks defined as two or more discrete episodes of anterior circulation cerebral ischemia within 24 hr of initial evaluation or three or more such episodes within 72 hr preceding evaluation . Eighty percent or greater resolution of neurologic deficits between attacks was required for inclusion in this acute group. MR and CT scanning were performed within 48 hr of the most recent symptomatic episode in each case. Five patients (group 2), considered to have recent or subacute lacunar stroke, were evaluated within 30 days (48 hr, 4 days , 5 days, 11 days, and 30 days) after the onset of clinical symptoms, and seven patients (group 3) with a history of AJNR:9, May/June 1988 remote or chronic lacunar stroke were evaluated more than 3 months after the onset of symptoms.
Presumed lacunar infarcts were identified in 17 additional patients (group 4) in a retrospective review of MR images obtained over a 4-month period. This group included nine men and eight women 47-81 years old. Since no recent ischemic episodes were reported , these infarcts were considered to be of the remote type.
MR images were obtained on a superconducting 1.5-T MR system: A slice thickness of 5 mm was used with a 2.5-mm gap between slices. Axial images were obtained on a 256 x 256 matrix with a 20-cm field of view. T1-weighted pulse sequences consisted of 600/25/ 2 (TRfTE/excitations), mixed T1 -fT2-weighted sequences of 2000/ 25-35/2, and T2-weighted sequences of 2000/60-70/2 . High-resolution CT was performed on aGE 9800 or Technicare 2020 scanner with a 10-mm slice thickness and contiguous sectioning.
T2-weighted and mixed T1-fT2-weighted images were obtained in all patients. T1-weighted images were obtained in 30 of 39 patients; five additional patients had T1-weighted images, but the anatomic sites shown to contain lacunar lesions by CT or T2-weighted imaging were not included on the images. CT was performed in 21 of 22 patients in the prospective groups (groups 1-3) and in three of 17 patients in group 4. The CT scans and MR images were reviewed to determine the number of lacunar infarctions detected by each imaging sequence.
For the purpose of this study, lacunar infarcts were defined as discrete areas of decreased attenuation on CT or abnormal signal intenSity on MR ranging from 2 to 15 mm in diameter and located in the basal ganglia, internal capsu le, thalamus, brainstem, or corona radiata inferiorly to the level of the lateral ventricles. Data from both the prospective and retrospective portions of the study were combined to make some basic observations about the MR appearance of lacunar infarcts with different imaging sequences. In addition to noting the morphologic features on the MR image, Signal-intensity values were obtained of each lacuna by using a normal-appearing white-matter structure, such as the splenium of the corpus callosum , as an intemal standard. The signal-intensity values were expressed as ratios of the signal intensity of the lacunar infarcts compared with the normal white matter. A ratio of greater than one indicates that the lacuna has a signal intensity greater than that of white matter; conversely, a ratio of less than one corresponds to a lacuna with low signal intenSity relative to white matter.
All data are expressed as the group mean ± 1 SO . The Wilcoxon signed ranks test was used to compare signal-intensity ratios obtained with each imaging technique to one. The two-sample Wilcoxon test was used to compare signal-intensity ratios among groups 1-4 with each imaging technique.
Results
The number of lacunae imaged within each group and their anatomic sites are listed in Table 1 . Groups 1-3 constitute the prospective portion of this study. In these groups, a total of 58 lacunae were imaged in 22 patients (Table 2 ). In two patients with presumed lacunar transient ischemic attacks (group 1), no lesion was detected with either MR or CT. This is most likely due to the acute and/or transient nature of the ischemic events in these patients. In group 4, which was analyzed retrospectively, 42 lacunae were imaged in 17 patients (Table 2) . Undoubtedly, additional lacunae were missed owing to the 2.5-mm interslice gap used on the MR images,
• GE Signa.
partial-volume averaging, and inherent limitations in contrast and spatial resolution of both imaging techniques. The percentages stated below are based on the total number of lacunae detected by MR and/or CT rather than on the true total number of lacunae in our study population . Absolute numbers would require careful pathologiC study of each case.
In the prospective portion of the study (groups 1-3), CT detected 28% of the lacunae that were imaged by MR in patients studied by both techniques . No lacunae identified on CT were missed by MR. The T2-weighted sequence was the most sensitive MR technique, detecting 98% of the lacunae that were imaged ( Table 2 ). The one lacuna not detected on T2-weighted images was imaged only on T1-weighted images. Sixty-seven percent of the total number of lacunae identified were detected on mixed T1-fT2-weighted images and 40% on T1-weighted images.
In the patients analyzed in a retrospective manner (group 4),98% of the lacunae were seen on T2-weighted MR images ( Table 2 ). The one lacuna not seen on T2-weighted images was detected on both T1-and mixed T1-fT2-weighted images. Eighty-eight percent of lacunae were visualized with mixed T1-fT2-weighted images and 46% with T1-weighted images. In patients who had both CT and MR imaging, CT detected 64% of the lacunae that were seen on MR. Again, no lacunae detected by CT were missed by MR .
Lacunae generally appeared as focal areas of decreased signal intensity on T1-weighted images and as foci of increased signal intenSity on T2-weighted images (Table 3 , Figs. 1 and 2 ). In addition, lacunae were significantly brighter on second-echo (T2-weighted) images than on first-echo (mixed T1-fT2-weighted) images. A total of eight lacunae in seven patients had an atypical appearance on the mixed T1-/ T2-weighted images, characterized by a perimeter of high signal intensity (signal-intensity ratio = 1.020 ± 0.007) surrounding a lower-intensity center (Signal-intensity ratio = 1.007 ± 0.005) (Fig . 3) . We postulate that this appearance is from central cavitation with surrounding gliosis.
Of the 22 patients in groups 1-3, 19 had evidence of lacunar infarction on MR and 11 on CT. The MR images and CT scans were normal in three. The acute and subacute lacunae (group 2) were detected with a T2-weighted sequence, but they were not seen on T1-weighted images or CT scans (Table 2 ). In patients with multiple lacunar attacks (group 1) or a history of remote lacunar stroke (group 3), some lacunae were detected by CT scanning and T1-weighted imaging, although a greater percentage of lesions was identified on T2-weighted images.
In patients who had both CT and MR imaging, only one (7%) of 15 brainstem lacunae detected by MR was also seen on CT. However, in anatomic sites other than the brainstem, 24 (43%) of 56 lacunae seen by MR were also seen on CT.
The Signal-intensity ratios were significantly higher in group 4 than in group 1 on T2-weighted and mixed T1-fT2-weighted images ( Table 3 ), suggesting that chronic lacunae are brighter than acute lacunae with these imaging techniques. The signalintenSity ratios were also higher in group 2 than in group 1 on the mixed T1-fT2-weighted images, and higher in group 3 than in group 1 on the T2-weighted images, though at a lower level of statistical significance . 
Note.-Lacunae that involve two or more adjacent anatomic structures are listed according to the primary site of involvement.
• Claustrum, external capsule, paracapsular area. Note.-TIAs = transient ischemic attacks.
• No. of lacunae imaged by specific technique/total no. of lacunae imaged by ali techniques . Totals vary because some patients did not have CT scanning , and in some patients mixed T1-/T2-weighted images were obtained and exclusively T1 -weighted images were not. Note.-TIAs = transient ischemic attacks.
• No T1-weighted images were obtained in group 2.
b P < .02 (significantly higher than group 1). c P < .005 (significantly higher than group 1). d P < .05 (significantly higher than group 1).
• P < .0005 (significantly higher than group 1).
Discussion
Lacunar infarcts are small. deep cerebral infarcts. most often encountered in the setting of hypertension. These infarcts result from occlusion of very small penetrating branches that arise proximally from the major cerebral arteries. including the middle and posterior cerebral arteries. the basilar artery. and. less commonly. the anterior cerebral and vertebral arteries [3 . 4] . Lacunae occur almost exclusively in the deep regions of the brain. predominantly involving the basal ganglia. internal capsule. thalamus. and brainstem [5] . In 1975. Fisher [6] reported a series of 1042 consecutive autopsies in which 114 patients were found to have a total of 376 lacunae. Thirty-seven percent were in the lenticular nuclei. 16% in the pons. 14% in the thalamus . 10% in the caudate. and 10% in the internal capsule. The arterial supply of the regions of the brain at risk for lacunar infarction include the lenticulostriate branches of the anterior and middle cerebral arteries. thalamoperforating branches of the posterior cerebral arteries. and paramedial branches of the basilar artery. Arterial branches range in diameter from 100 to 500 j.Lm and are therefore generally too small to be evaluated by angiography [3] . Most of these arteries have no distal anastamoses and many are single. unbranched vessels .
Several arteriopathic processes are believE;ld to playa role in lacunar infarction. the most important of which are lipohyalinosis and atheromatous disease. Lipohya!inosis occurs in a setting of chronic hypertension . ·affects smaller arteries «200 j.Lm). and results in lacunae that generally range from 3 to 7 mm in diameter [4] . Microatheromatous disease results in occlusion of slightly larger yessels . predominantly in the lateral lenticulostriate distrib!,Jtion . and usually results in larger AJNR:9. May/June 1988 A B c o lacunae [3] . Less common causes of lacunar infarction include microemboli, arterial dissection, and arteritis secondary to chronic meningitis [3] . Clinically, lacunar strokes are recognized by characteristic clinical features. The most common lacunar syndrome is pure motor hemiparesis, which accounts for 30-60% of lacunar infarcts. Other important lacunar syndromes include pure sensory stroke, combined sensorimotor stroke, ataxic hemiparesis, dysarthria/clumsy hand syndrome, and a number of thalamic and brainstem syndromes [3] . Patients with lacunar stroke often have a gradual onset of symptoms that may progress in a stepwise, stuttering, or smooth manner [2] . Antecedent transient ischemic attack is relatively common in lacunar infarction , occurring in approximately 25% of patients [1]. Although there tends to be a high probability of recurrence of symptoms, the prognosis in lacunar stroke is generally favorable and current therapy is prophylactic, primarily involving careful surveillance for and medical management of hypertension .
Although we have no true "gold standard" for in vivo imaging of cerebral ischemia or infarction, CT represents the standard against which any new imaging technique must be compared. In a prospective study of patients with clearly defined lacunar symptoms, Donnon et al. [7] found that 69% developed CT evidence for lacunar infarction within 7 months after the onset of symptoms. Of those patients whose scans would eventually become abnormal, 79% did so within 10 days, and 92% within 1 month after the onset of symptoms. Focal ischemic insults to the brain , unless complicated by hemorrhage, are seldom identified on CT scans during the first 24 hr of ischemia. Most lacunae less than 2 mm in diameter cannot be resolved by current CT scanners [8] [9] [10] , and brain stem lacunae larger than 2 mm in diameter are routinely missed owing to artifacts [5] . The detection of acute cerebral ischemic lesions by both CT and MR is based in large part on the development of edema in the ischemic region [11, 12] . Ischemic brain edema is thought to be a combination of cytotoxic edema, which is predominantly intracellular and of major importance during the early stages of acute ischemia, and vasogenic edema, which occurs later and involves the leakage of intravascular fluid and proteins through an impaired blood-brain barrier into predominantly extracellular spaces [11] . The increase in intracellular water content in cytotoxic edema is from ischemic inhibition of metabolism , which results in a loss of energy sources that maintain ionic concentration gradients between intra-and extracellular compartments [11] .
In our study, MR was superior to CT in the detection of AJNR :9, May/June 1988 acute and subacute lacunae ( Table 2 , Fig. 1 ). The superior sensitivity of MR during the acute phase of ischemia is most likely due to the capability of T2-weighted imaging to detect very small changes in tissue water content. In experimental animals , abnormal accumulation of water in ischemic brain tissue is detectable within 5 min after the onset of ischemia [11] . Studies have shown that relaxation times of acutely ischemic brain tissue are prolonged when compared with values obtained from normal brain tissue [13] [14] [15] [16] . BrantZawadzki et al. [16] detected cerebral ischemic changes on MR images as early as 30 min after unilateral occlusion of the middle cerebral artery in cats. By 4 hr after middle cerebral artery occlusion they detected MR evidence of cerebral ischemia in all 13 experimental animals in their study. The current data indicate that MR is more sensitive than CT in the detection of recurrent lacunar attacks, as well as recent and remote lacunar stroke ( Table 2 ). T2-weighted images were found to be more sensitive than T1-(Figs. 1 and 2) or balanced T1-and T2-weighted images for detecting these lesions. These conclusions are based on several assumptions that should be examined:
First, we assumed that any small, discrete lesion in an anatomic site characteristic for lacunae represented a region of lacunar ischemia or infarction. Many of these lesions occupied regions in the brain that correlated well with the clinical symptomatology; however, for many other lesions, there was no clinical correlation . The assumption that these lesions are indeed lacunae is supported by the CT findings in previous studies, which correlated the CT and pathologic appearances of lacunae [17] . However, for the lesions that were detected only with MR, such pathologic correlation has not been accomplished. The situation is further complicated by the prevalence of focal white-matter lesions (usually seen as areas of increased signal intensity on T2-weighted images) which are identified routinely on MR images in older patients. These lesions, often of little or no apparent clinical significance, may represent areas of chronic ischemia, but again pathologic proof is lacking, and the potential exists for confusion with areas of lacunar ischemia or infarction . Finally, while our study compares the sensitivities of CT and MR, and of different MR imaging techniques with each other, the absolute sensitivities of these techniques in the detection of lacunar infarcts, especially in the acute setting, are unknown and await further pathologic studies.
Our data were drawn from routine clinical imaging studies with standard technical parameters for both CT and MR . The 10-mm slice thickness used for CT scanning is subject to partial-volume effects. The 2.5-mm interslice gap may account for the two lacunae missed by MR. Very likely, both MR and CT would have detected more lacunar infarcts if thinner contiguous or overlapping sections were obtained with longer imaging times, but such techniques are impractical in a routine clinical setting.
On the basis of our results, in the clinical setting of suspected lacunar disease, T2-weighted MR imaging in the axial or coronal plane is recommended for screening for lacunar infarction. If a high-signal abnormality is identified within a lacunar territory, then T1-weighted images should be obtained through the area to further characterize the abnormality and to exclude hemorrhage. If the abnormality is not seen on T1-weighted images, it is more likely to be a recent lacuna (Table  3 , Fig. 2) , and an MR follow-up study may show evolution of the infarct. The signal intensity and MR appearance of blood on T1-and T2-weighted images are variable, depending on the age of the hemorrhage [18] . Finally, although not pathologically proved, the signal intensity on the mixed T1-fT2-weighted image may indicate whether or not central cavitation exists (Fig . 3) , and this information would help distinguish acute from remote lacunar infarcts.
